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© Balloon catheters. 



© A catheter comprising a lumen (2). and being 
provided with an inflatable balloon (10), wherein the 
balloon (10) has a laminated construction, and com- 
prises a rubber latex layer (13) with an overlying 
layer (1 1) of a polyurethane. 
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BALLOON 



This invention relates to catheters, that is to 
say. a tube for use in a body cavity, and in particu- 
lar to balloon catheters, for example of the type 
used for drainage of the bladder via the urethra. 
Such catheters are commonly referred to as Foley 
catheters. Catheters according to the invention are 
also useful as catheters for the venous and arterial 
systems, for example as embolectomy catheters, 
and catheters used in cardiovascular diagnostics, 
such as Swan-Ganz catheters. Catheters in accor- 
dance with the invention may also be used as 
naso-gastric tubes and endotracheaJ tubes. 

Foley urinary drainage catheters have an inflat- 
able balloon near the catheter tip to hold the cath- 
eter in position in the bladder. 

The balloon of the Foley catheter was originally 
designed simply to retain the catheter in place, and 
hence a standard indwelling Foley catheter is gen- 
erally known is a retention catheter. In such a 
catheter, the balloon is generally approximately 5cc 
in volume. 

Foley catheters are also often used post-oper- 
atively. to help stop or control bleeding, by apply- 
ing pressure to the wound bed. A Foley catheter 
design for this purpose is known as a hemostatic 
catheter. Hemostatic catheters generally utilise a 
balloon of larger volume, for example 30cc. Be- 
cause of various size and pressure requirements, a 
hemostatic catheter with a nominal volume of 30cc 
should be capable of being overinflated to betwen 
45cc and 60cc. There are therefore rather stringent 
requirements for the material of which the balloon 
is a Foley catheter is formed, particularly if the 
catheter is to remain in position for an extended 
period. Such balloons are normally inflated with 
sterile water, or saline, or, occasionally, dye solu- 
tions. 

The following are desirable qualities of a cath- 
eter balloon. 

Strength 

The bailoon must be sufficiently strong to with- 
stand normal tension from patient movement whilst 
in position. A hemostatic catheter must be suffi- 
ciently strong to withstand 2-3 lbs of traction for as 
long as three days in a post-operative patient. 



CATHETERS 

Symmetry 

This refers to the overall roundness of the 
catheter balloon. A round balloon is important, in 
5 that it ensures that the tip is correctly located, and 
that no occlusion of the eyes occurs. Because the 
perfectly symmetrical balloon does not exist, a 
manufacturing tolerance usually sets parameters 
for defining balloon symmetry. 

TO 

Memory 

The ability of the catheter balloon to deflate 
is properly, flush to the shaft is called balloon mem- 
ory or hysteresis. A balloon with poor memory will 
remain wrinkled or partially filled, and will cause 
trauma to the patient upon removal. 

There are three materials from which balloon 
20 catheters are usually constructed. Latex, PVC. and 
silicone. 

Latex Foley catheters are generally made of 
several layers of dipped natural rubber latex. They 
can be used in place in the bladder for up to 10 

25 days. They are commodity items for every day 
use. and relatively low in cost. 

Latex catheters- suffer from a number of dis- 
advantages, for example in that chemicals in the 
latex tends to irritate the sensitive urethra, and 

30 urinary salts deposit on the surface, and block the 
eys and the lumen. Furthermore, the soft nature of 
latex necessitates thick walls so that only a smalt 
lumen is possible, and the lumen can be caused to 
collapse by suction. Lastly, fluid tends to permeate 

35 between the layers of the latex, causing the latex to 
swell. This results in pain to the patient and may 
eventually block off the inflation channel, so that 
the balloon will not deflate. 

Conventional PVC catheters are produced hav- 

40 ing both a PVC balloon, and a latex balloon. The 
use of PVC for the main lumen of the catheter has 
the advantage that it is more rigid, so that thinner 
walls can be used, giving a larger lumen for better 
drainage. The material is also less prone to irrita- 

45 tion of the sensitive urethra, and less prone to 
attract urinary salts, which tend to block the eyes 
and the lumen. Furthermore. PVC is a thermoplas- 
tic material, and its relative stiffness when cold 
assists insertion, whereas after insertion, the cath- 

so eter softens for patient comfort PVC catheters can 
be used continuously for from 4 to 6 weeks. The 
construction is versatile, and a wide range of dif- 
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ferent tips is possible. However, the natural rubber 
latex balloons usually used on such catheters suf- 
fer from the same drawbacks as those of latex 
catheters. 

Silicone rubber is a synthetic product with 5 
many of the desirable properties of both PVC and 
latex. In particular, it is very inert to body tissues 
and fluids, causes a minimum of inflammatory and 
foreign body reactions, and does not support bac- 
terial growth. It is however expensive, and for this w 
reason, it is not used extensively. A further dis- 
advantage of ail-silicone catheters is that the 
strength of the balloon is relatively poor, and also 
the lumen size is relatively small. 

Catheters have also been produced from sili- is 
cone coated latex, but these also are not entirely 
satisfactory, in that they have been found to de- 
laminate under certain circumstances, and cause 
blockage and trauma. 

U.K. patent specification No. 1581955 relates to 20 
a method of producing a catheter in which the ends 
of an inflation cuff are recessed into the catheter 
shaft, and mentions that composites or laminates of 
certain material can be utilised. However there is 
no exemplification or indication of what may be 25 
envisaged in the way of composites or laminates, 
nor any indication that any particularly advanta- 
geous properties may be obtained by the use of 
selected laminate arrangements. 



We have now found that an improved catheter 
can be produced using a specific laminated con- 
struction, using a balloon having an outer polyure- 
thane layer and an inner layer of a rubber latex. 

In accordance with the invention, there is there- 
fore provided a catheter comprising a lumen, and 
being provided with an inflatable balloon, wherein 
the balloon has a laminated construction, and com- 
prises a rubber latex layer with an overlying layer 
of a polyurethane. 

The balloon is formed with the polyurethane 
layer as the outermost layer, and may conveniently 
be produced by forming a polyurethane layer on a 
rubber latex, for example by dipping. In addition to 
the laminated balloon construction, the catheter in 
acordance with the invention may also incorporate 
other portions formed of a latex layer with an 
overlying poluyurethane layer, in any part of the 
catheter in which it is desired to combine water- 
impermeability with flexibility and/or extensibility. 

In one embodiment, a catheter may be formed 
having a main lumen formed of PVC, or, preferably, 
of polyurethane and the lumen defining a retention 
balloon or hemostatic balloon formed on the sur- 
face thereof from a latex sleeve. A polyurethane 
coating may be formed over the latex sleeve and 
distal end of the PVC or polyurethane main lumen 
by dipping, spraying, or various other methods. 

Preferred polyurethanes are block copolymers 
containing blocks of low molecular weight polyes- 
ters or polyethers. linked by a urethane group. 
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Such polyurethanes may be obtained in rigid, 
semi-rigid, or flexible forms. These materials in 
generally have excellent biocompatibility, outstand- 
ing hydrolytic stability, superior abrasion resis- 
tance, excellent physical strength, and high flexure 
endurance. They are aiso resistant to gamma radi- 
ation, oils, acids, and bases. 

Polyurethanes suffer from the difficulty that thin 
films allow the transport of moisture. Hence, use of 
an unmodified polyurethane balloon on a catheter 
is precluded because the water-filled balloon would 
deffate over time, and the catheter retention means 
would fail. In the balloon in accordance with the 
invention, water passage is prevented by the use of 
the latex layer. 

Another disadvantage to the use of polyure- 
thane alone as a material for catheter balloons is its 
hysteresis, or memory properties, especially com- 
pared to naturaJ rubber latex or silicone rubber. In 



the catheter in accordance with the invention, this 
disadvantage is overcome by providing a laminated 
structure, in which the desired flexibility is provided 
by the latex layer. 

The preferred method of producing the lami- 
nated portion is by dipping. Thus, a pre- fabricated 
catheter having a portion, for example the flexible 
baJloon. made of rubber latex may be over-dipped 
with an aqueous polyurethane emulsion. A suitable 
polyurethane emulsion is Witco W-290H, manufac- 
tured in the U.K. by Baxenden Chemicafs, of Ac- 
crington, Lancashire. 

Alternatively, a polyurethane colloid, such as 
Witco W-234 may be utilised in the post-dipping 
step. The colloid is a water-based polyurethane 
composition, which contains a co-solvent, such as 
N-methyl pyrrolidone, which aids the adhesion of 
the polyurethane to the natural rubber latex. 
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A preferred method is to overcoat the prefor- 
med latex balloon with a solution of polyurethane. 
For this purpose, a polyurethane such as Tecoflex 
SG80A manufactured by Thermedics Inc., Woburn, 
Mass., USA. may advantageously be used. This* 
material is an aliphatic polyurethane, with excellent 
biocompatibiiity . The solvent may.be a polar sol- 
vent, for example tetrahydrofuran, methylene chlo- 
ride. N-methyl pyrrolidone, or N-methyi acetamide, 
or a blend of two of more of these solvents, or one 
or more of these solvents with a co-solvent such as 
ethyl acetate or n-butyl acetate. A tetrahydrofuran 
solution of SG80A at 10% W/V level, and having a 
viscosity of about 2200 cps at 25 9 C is particularly 
valuable for producing well adhering coatings to 
natural rubber latex. 

It is preferred in the preparation of a balloon 
catheter that the formation of eyes or drainage 
holes is carried out after the formation of the poly- 
urethane layer, so the the inside of the catheter 
lumen does not become filled with the polyure- 
thane composition. A balloon catheter in accor- 
dance with the invention may be formed, for exam- 
ple, by coating a catheter as disclosed in U.K. 
Patent No. 1380991 with a polyurethane composi- 
tion. 

A preferred embodiment of the invention is 
illustrated in the accompanying drawings, in which:- 

Figure 1 is an elevation of a catheter in 
accordance with the invention. 

Figures 2 and 3 respectively show the proxi- 
mal and distal ends of the catheter on a larger 
scale, and partially in section. 

Figure 4 is a fragmentary section of the 
distal end of the catheter, and 

Figure 5 is a fragmentary sectional view of 
the distal end of the catheter, showing the balloon 
inflated. 

Referring to the drawings, a tube 1 of a plastics 
material, for example polyurethane or plasticised 
polyvinyl chloride, is provided with a funnel assem- 
bly 7 at its proximal end. and a balloon 10 at its 
distal end. The tube 1 has a drainage lumen 2- 
communicating with a hole 4 formed in its distal 
end, and an inflation lumen 3. communicating with 
the interior space of a balloon 10. 

A side arm 12 of the funnel 7 communicates 
with the inflation lumen 3 via an eye 6. The distal 
and proximal ends of the lumen 3 are plugged by 
plugging elements 8 and 9 respectively, of ex- 
truded cord or wire, which may be of plasticised 
PVC. Plugging or closing may however be effected 
in other ways, for example using an X-ray opaque 
material. 

The tip of the catheter may be shaped as 
shown in Figures 3 to 5, by shaping the end of the 
extruded tube on a high frequency forming ma- 
chine. 



The funnel 7 may be bound to the proximal 
end of the tube 1 with appropriate adhesive, for 
example cylohexanone/tetrahydrofuran a polyure- 
thane adhesive such as Tecoflex adhesive l-PP. or 

5 mixtures of two or more thereof. 

A vulcanised rubber latex inflation sleeve 13 is 
positioned on the tube to cover a hole 5 formed in 
lumen 3. The sleeve 13 is attached to the PVC or 
polyurethane tube 1 at its ends, by any suitable 

to method, for example as described in U.K. Patent 
Specification no. 1380991 to define the lumen of 
the balloon 10. A polyurethane coating 11 is then 
formed on the outer surface of the distal portion of 
the catheter, including the balloon 10, by dipping 

75 the distal end of the catheter in a solution of 
polyurethane in an appropriate solvent. 

Several catheters in accordance with Figures 1 
to 5 above and having a polyurethane tube 1 were 
produced by dipping the distal ends of catheters 

20 into a 10% W/V solution of Tecoflex SG-80A .poly- 
urethane in tetrahydrofuran, prepared by dissolving 
the polymer in the solvent in a rotating drum over- 
night at room temperature. The drainage hole 4 in 
the catheter was formed only after the polyure- 

25 thane coating had been produced. The catheters 
were dipped to a depth of about 1cm above the 
balloon, and then withdrawn, using a vertical car- 
riage. The rate of dipping and withdrawal was 40 
mm/minute, and the catheters were air dried over- 

30 night, and then further dried at 50° C in a forced air 
oven. Eyes 4 were punched on two opposite sides 
of the drainage lumen 2. 

A number of catheters in accordance with the 
invention were compared with standard latex Foley 

35 catheters, PVC catheters with a latex balloon, and 
all-siiicone catheters, according to the following 
test. 

The catheters were passed through holes in a 
tank, such that the balloons of the catheters were 

4a inside the tank, and the balloons were inflated with 
sterile saline solution. The inflated balloons thus 
served to block the holes in the tank, and to 
prevent leakage of liquid. The tank was filled with 
simulated urine solution, having a pH of approxi- 

45 mately 6.6 The composition of the simulated urine 
was as described in British Standard Specification 
No. BS 1695: 1981 -Specification for Sterile Urinary 
Catheters for Single Use. 

The simulated urine drained through the eyes 

so in the catheters above the balloon, and was col- 
lected below the funnels in a second tank. The 
simulated urine was pumped continously from the 
second tank back up to the upper tank, containing 
the catheters under test. In this way, continous 

55 drainage of urine from catheters could be simu- 
lated over a long period of time. In this way, 
encrustation tendencies could be compared. 
The results are shown in Table 1. 
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TABLE I 

SIMULATED URINE TEST AT 37*C 



CATHETER DESCRIPTION ELAPSED 

„ TIME (DAYS) 



OBSERVATION 



All Latex Foley Catheter 

(size 14 Ch 20 ml balloon) 66 

PVC Catheter with latex 
balloon (size 16 Ch 20 ml 121 
balloon) 



All-Silicone Catheter 

(size 20 Ch 5 ml balloon) 152 



Polyurethane Catheter with 
polyurethane coated latex 
balloon (size 14 Ch 20 ml 180+ 
balloon ). 



Encrusted balloon 
Eyes blocked 
Restricted Flow 

Encrusted balloon 
Eyes starting to 
block . 

Restricted flow 

Encrustation 
starting to form 
on balloon 

No visible 
encrustation 



In accord with convention, catheter sizes - 
(outside diameters) in the Tables are given in Ch - 
(Charriere) units, where 1 Ch ~ 0.333 mm. 

The results show that the all latex catheter was 
the first to become encrusted with salts, the PVC 05 
catheter was next followed by the afl-silicone cath- 
eter. The polyurethane catheter with the polyure- 
thane coated natural rubber latex balloon did not 
become encrusted, even after 180 days on test 

The catheters in accordance with the invention 40 
were then tested to destruction, according to the 
following test method. 

The balloon catheter was placed in a conical 
shaped jig, 1 mm larger in internal diameter than 
the external diameter of the catheter over the bal- 45 
loon area. The catheter was damped, inflated to H 



times the specified capacity with water, and pulled 
at a constant rate of 20" per minute, and the force 
required to separate the balloon from the tube was 
recorded. 

The type of failure exhibited was recorded, and 
tabulated according to the following key. 
A -Peeled Funnel End 
B -Balloon Burst 
C -Shaft Broke 
D -Peeled Balloon End 
E -Balloon Deiaminated 
The results are recorded in Table 2. 



so 
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TABLE 2 

TYPE OF CATHETER FORCE TO TYPE OF 

CONSTRUCTION FAILURE, KG L'Aj'-JRE 



PVC shaft, polyurethane 19.2, 12.7, " A. f C 

coated latex balloon 13.0, 18.5 
(size 12-16 Ch 5 ml 
balloon ) 

Polyurethane shaft 15.4, 12.3, 8.2, 

Polyurethane coated 11.9 K t C 
latex balloon 
(size 12-16 Ch 5 ml 
balloon ) 

All-silicone catheter 6.0, 6.9, 5.8, B r C 

(size 12-16 Ch 5 ml 4.5 

balloon) 



As can be seen from Table 2, in spite of this 
rigorous test, in no case did the composite 
polyurethane-coated latex balloon peel from the 
shaft, delaminate. or burst. Further, the balloons 
were substantially stronger than the all-silicone 
catheters. 

In a further test, the balloon of each of the 
catheters was inflated, and placed in freshly pre- 
pared simulated urine at 37* C for 14 days. They 
were then washed and deflated, and the balloons 
were deflated. No unacceptable ridges were 
present on the balloon, which might traumatise the 
urethra upon catheter removal. 

Although the invention has been described with 
particular reference to balloon catheters for drain- 
age of the bladder, it will be appreciated that the 
composite latex/polyurethane construction may 
readily be utilised in other forms of catheter, and 
various other modifications may be made, within 
the scope of the appended claims. 

The catheters in accordance with the invention 
may be utilised in various forms of medical treat- 
ment. 



Claims 

1. A catheter comprising a lumen, and being 
provided with an inflatable balloon, wherein the 
balloon has a laminated construction, and com- 
prises a rubber latex layer with an overlying layer 
of a polyurethane. 



2. A catheter as claimed in Claim 2, wherein 
the laminated construction ir produced by forming 
the said balloon of the rubber latex material, and 

25 forming a layer of a polyuret!\;ino material on the 
outer surface thereof. 

3. A catheter as claimed in Claim 1 or Claim 2. 
wherein the laminated construction is formed by a 
dipping process. 

30 4. A catheter as claimed \u any one of claims 1 

to 4 having at least two lumens. 

5. A catheter as claimed in any one of the 
preceding claims, which is Fofay urethral cath- 
eter, a cardiovascular catheter, an embolectomy 

as catheter, or a thrombectomy catheter. 

6. A method of producing a laminated catheter, 
which method comprises forming a layer of a poly- 
urethane material on at least a portion of the sur- 
face of an inflatable latex bciloon formed on the 

do catheter. 

7. A method as claimed in Claim 8, wherein the 
layer of polyurethane material is formed by using 
an aqueous-based polyurethane omulsion. 

8. A method as claimed in Ciaim 8, where in 
45 the layer of polyurethane material is formed by 

using an organic, solvent based yolution of polyure- 
thane. 

9. A method as claimed in any one of Claims 6 
to 8, wherein the polyurethane luyer is formed by a 

so dipping process. 

10. A method as claimed in claim 1. wherein 
the catheter has main lumen formed of a polyure- 
thane material. 

55 
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